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Abstract 
This paper presents the experimental study of spring back in mild steel and the results are validated with finite element 
analysis software LS-DYNA. The experimental work has been carried out to study the factors affecting the Springback with 
different thickness of sheet metal and at different die angles. Spring back is generally referred to as the undesirable change of part 
shape that occurs upon removal of constraints after forming. It can be considered a dimensional change which occurs during 
unloading and primarily elastic recovery of the part. In other words, spring back describes the change in shape of formed 
sheet upon removal from tooling. Spring back is one of the key factors which influence the quality of stamped sheet metal 
parts. Experimental study shows the variation in the actual bend angle and the final angle after the removal of the bending force. In this 
paper mild steel is considered and experimented with 1.2mm, 2mm, 3mm thickness and is bent at 600, 900 and 1200.  Von Misses stresses 
and Maximum  plastic strain at different operating conditions are plotted . 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
 
1. Introduction 
 
Bending is the forming of sheet metal where angled or ring-shaped parts are produced. The process 
consists of uniform straining flat sheets of metal around a linear axis, but it also may be used to bend tubes, 
drawn profiles bars, and wire. In bending, the plastic state is brought by a bending load. In fact, one of the most 
common processes for sheet metal forming are bending, which is used not only to form pieces such as L, U or 
V-profiles. Bending has the greatest number of applications in the automotive, aircraft and defense industries 
and for production of other sheet metal products. Typical examples of sheet-metal bends are illustrated in Fig 1. 
 
Fig 1: Typical examples of sheet metal bend parts. 
The basic characteristic of bending is tensile elongation on the outer surface and compression on the inner 
surface as shown Fig 1. The entire stress-strain curve is transverse, elastic stresses result in Springback and the 
residual stress pattern. Here, the bend radius Ri is measured on the inner surface of the bent piece. The bend 
angle φ is the angle of the bent piece and T is the material thickness. In bending process, since the outer fibers of 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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the material are in tension and the inner fibers are in compression, theoretically the strain values on the outer 
and inner fibers are equal in magnitude and are given by the following equation: 
e0 = e1 ൌ ଵቀమೃ೅ ቁାଵ 
Experimental research indicate that this formula is more precise for calculating the deformation of the inner 
fibers of the material, e1, than for the deformation of the outer fibers, e0. The deformation in the outer fibers is 
notably greater, that is why neutral fibers move towards the inner side of the bent piece. As Ri/T ratio decreases, 
the bend radius becomes smaller; the tensile strain at the outer fibers increases and the material eventually 
cracks. 
 
2. Literature Survey  
 
Since sheet metal forming industry has become one of the major manufacturing centers for automobile and 
aerospace and defense industries, the popularity of sheet metal products is attributable to their light weight, great 
interchangeability, good surface finish, and low cost. There has been a growing interest during the past decade 
in using finite element method for Springback prediction following forming of arbitrary shapes. While it is 
apparently simple in concept, the prediction of Springback has proven challenging for a variety of reasons, 
including numerical sensitivity, physical sensitivity, and poorly characterized material behavior under reverse 
loading and unloading conditions. Springback of sheet metal parts after forming causes deviation from the 
designed target shape and produce downstream quality problems as well as assembly difficulties. Its economic 
impact in terms of delayed production, tooling revision costs, and rejection of unqualified parts is estimated to 
exceed $50million per year in the U.S. automotive industry alone. It is obvious that controlling Springback is a 
vital concern in manufacturing.Several studies has been done for past decades in order to develop Springback 
reduction and compensation methods. S. Nishino et al.[4] examined a new method of predicting a shape fixation 
property by combining free bending test data with the results of the computer simulations conducted using the 
finite element method (FEM). With the increased use Finite Element Simulation in tooling departments, the 
forming analyses of sheet metal components are used more frequently in the design feasibility studies of 
production tooling. These computer based tools allow the design engineer to investigate the process and material 
parameters controlling the material floe over the die surfaces. Several studies were done in past decade. M. Firat 
[17] studied U-Channel forming analysis to predict Springback. He established a kinematic hardening model 
based on additive back stress form in order to improve the predicted sheet metal deformation response .S.K. 
Panthi et al. [18] were also studied on a large deformation algorithm based on Total-Elastic-Incremental-Plastic 
Strain (TEIP) which was used for modeling atypical sheet metal bending process. The process involves large 
strain, rotation as well as Springback. N.Narasimham et al. [19] aimed to introduce a coupled explicit to-implicit 
finite element approach for predicting Springback deformations in sheet metal stamping that can be utilized for 
minimizing die prototype design time. In this study, they have utilized the explicit method initially to analyze 
the contact based forming operation of stamping process. Then an implicit solution has been performed to 
simulate the Springback developing in a blank after the forming pressure removed. They have coupled 
ANSYS/LS-DYNA explicit and ANSYS implicit codes to solve sheet metal forming processes that involves a 
high degree of Springback. One of the important studies of finite element analysis of Springback in bending was 
done by V. Esat [20]. In the mentioned work, V. Esat et al. developed a finite element simulation in order to 
simulate Springback by means of a Springback factor using commercially available finite element program. 
They reached a good agreement between the finite element simulation and empirical data. Their finite element 
model is based on 2-D shell elements and Chung-Hulbert dynamic implicit as time integration scheme. They 
used penalty method on analytically defined rigid bodies to handle contact algorithm. D.W.Park et al. [22] 
proposed a new shell element to improve accuracy and efficiency of Springback simulation by describing 
complicated bending deformation accurately. They applied the new element both implicit Finite Element 
Method and explicit Finite Element Method to conduct Springback simulation. Many studies had been carried 
out on different perspectives of Springback. Micari et al. [33] presented a Springback prediction technique in 
three dimensional stamping processes which is based on a combined approach in which an explicit finite 
element code has been employed to simulate the forming phase while a traditional implicit procedure has been 
used to analyze the Springback phase. Gauand Kinzel [34] performed an experimental study for determining the 
Bauschinger Effect on Springback predictions which seems very significant in wipe bending operations. Since 
Springback is a vital concern in manufacturing industry, beyond evaluating and simulating attempts of 
Springback, some researchers studied the parameters that effect Springback in sheet metal forming operations in 
order to control these disturbing parameters.  
 
 
 
1378   G.M. Sayeed Ahmed et al. /  Procedia Materials Science  6 ( 2014 )  1376 – 1385 
3. Factors Effecting Bending 
 
Bend radius Ri, is one of the most important parameter which affects bending operations of sheet metals. 
The bend radius in bending operations always pertains to the inside radius of bend. Minimum bend radius is 
dependent on the material thickness and the mechanical properties of the material. Minimum bend radii vary for 
various metals; generally, most annealed metals can be bent to a radius equal to the thickness, T and sometimes 
to T/2, for a given bend angle and bend length. Bend angle is another crucial factor in bending operations. As 
the bend angle becomes larger, especially with bend angles over 90°, many difficulties arise. In this case, the 
amount of bend radius become more critical and the material hardness becomes more detrimental to the success 
of the bending process. In bending process, some deformations occur in the bent-up region of the work piece 
depending on the dimensions of the work piece, bend angle, and bend radius. As the strength of the work piece 
is limited, the deformations should be restrained in some limits. In the other words, spring back describes the 
change in shape of formed sheet upon removal from tooling. Spring back is one of the key factors to influence 
quality of stamped sheet metal parts in sheet metal manufacturing areas. Spring back is influenced by several 
factors, such as; Sheet thickness, Elastic modulus, Yield stress, Work hardening exponent, Die and punch radii, 
Punch stroke etc. 
 
Fig 2: Supported bending. 
 
4. Mechanics and Terminology of Spring back 
 
Every plastic deformation is followed by elastic recovery. As a consequence of this phenomenon, changes 
occur in the dimensions of the plastic-deformed work piece upon removing the load. While a work piece is 
loaded, it will have the following characteristic dimensions as a consequence of plastic deformation as shown in 
Figure// 
 
Fig 3:  Schematic illustration of Springback. 
¾ Bend radius (Ri) 
¾ Bend angle (φi = 180o–α1 ) and 
¾ Profile angle (α1) 
 
All work piece materials have a finite modulus of elasticity, so each will undergo a certain elastic recovery upon 
loading. In bending, this recovery is known as a Spring back. The final dimensions of the work piece after being 
unloaded are defined by Bend Radius (Rf),Bend Angle (α2), and Profile Angle (φf=180o -α2), The final angle 
after springback is smaller (φf<φi) and the final bend radius is larger (Rf >Ri) than before. There are two ways to 
understand and compensate for spring back. One is to obtain or develop a predictive model of the amount of 
springback and the other way is to define a quantity to describe the amount of springback. A quantity 
characterizing springback is the Springback factor (K), which is determined as follows. The bend allowance of 
the neutral line (Ln) is the same before and after bending, so the following relationship is obtained by the 
formula: 
Ln = (Ri+ 
்
ଶ)Φi= (Rf+ 
்
ଶ)Φf 
From this relationship, the Springback factor is: 
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The spring back factor (K) depends on R/T. A Springback factor of K = 1 indicates no Springback and K = 0 
indicates the complete elastic recovery. To estimate springback, an approximate formula has been developed in 
terms of the radii Ri and Rf   as follows: 
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In case of plane strain bending, the following formula can be used [6] 
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In V-die bending, where Rp is punch radius and the part radius at the unloaded state, R, may be estimated by: 
Rp = 
ଵ
భ
ೃାଷ
ೊೄ
೅ಶ
 
5. Experimentation of V-Bending Operations and Spring back Calculation 
 
It is observed that the metal outside the bend radius is stretched and the metal on the inside of the bend 
radius is compressed. This means that the metal near the neutral axis may be stressed to values below the elastic 
limit and the metal far away from the neutral axis may be stresses beyond the yield stress. When the bending 
moment is removed, the elastic deformation tends to return to the original configuration but is restricted by the 
plastic deformation. The stress distribution changes until plastic and elastic zone inside the deformed sheet 
comes to equilibrium. This final configuration change is known as Spring back. In other words, Spring back is 
mainly due to elastic recovery of the bending process. Experiments have been carried out to measure springback 
angle of the work piece after V-bending operation with mild steel material under three different bend angles and 
three different thicknesses. The materials used in this thesis study are mild steel with a thickness of 1.2, 2 and 3 
mm. This mild steel has a maximum limit of 0.3% carbon. The proportions of manganese (1.65%), copper 
(0.6%) and silicon (0.6%) are approximately fixed. The calculated average industry grade mild steel density is 
7.85 gm/cm3. Its Young's modulus, which is a measure of its stiffness is 210,000 MPa. In this study, mild steel 
specimen of length100mm and different thicknesses such as 1.2mm, 2mm, 3mm, 4mm are considered. The 
experiment set-up is composed of a punch, a die and guide pins which are shown in Figure---, Figure3.3, and 
Figure3.4.Dimensions of the bending die are same as the ones used in Finite Element Analysis. A hydraulic 
press with capacity of 100 tons is employed and angles are measured for each case and results are tabulated 
 
Fig 4: 60°, 90° and 120° V-Bending die 
 
 
Fig 5: Hydraulic press machine and Optical angle measuring device 
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6. Finite Element Analysis of V-Bending Operation 
 
In this work, V-bending operation of mild steel material has been analyzed by FEM software, LS-DYNA. 
Several results such as spring back amounts, maximum von Mises stresses, stress distributions and plastic 
strains are presented. The input data are the material properties, boundary conditions, time vs. velocity tables to 
define motion of the punch, stress vs. strain tables to define the strain characteristics of the materials, and 
definition of the contact model and the load cases. The mild steel sheets used in this work are assumed to be free 
of residual stresses before the loading action. Finite element model used in spring back simulations is composed 
of a rigid punch and die and a deformable sheet metal. For all cases, rigid punch moves down to bend the work 
piece. The gap between die and punch, at the end of fully bending step, remains as the original thickness of the 
material. At beginning of the process, At maximum indentation of the punch tip necessary dimensions needed to 
model the processes are shown in Figure 
 
Fig 6: Schematic view of 600 900and 1200V-bending with necessary dimensions 
 
7.  CAD Models 
 
 
Fig 7: The 3D CAD Models developed in Autodesk Inventor. 
 
Once the CAD work is completed and they are saved into different format (.igs &.stp) all these assemblies 
are then imported into Hyper mesh for meshing. The mesh size considered is 2 mm. The blank is not meshed 
completely instead a mid-surface is generated and then given thickness in the LS-Dyna. The meshed models are 
given below: 
 
Fig 8: Meshed model of 600 Punch & 600,900 & 1200die 
8. LS-DYNA Results  
 
Results such as spring back, maximum Von Mises stresses, stress distributions and total plastic strain are 
obtained. 
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Fig 9: Plastic strain for mild steel of 1.2 mm thick at 600 V- bending 
 
As seen above, the distribution of von Mises stresses are computed during intermediate stage, fully loaded stage 
and unloaded stage. The maximum Von Mises stress is evaluated at fully loaded stage is 51.89Mpa.The spring 
back angle can be measured at the fully unloaded stage in LS- Prepost. It has been observed that the spring back 
angle is 0.750. The maximum plastic strain at 600 bending for 1.2 mm thickness sheet is recorded as 0.303. 
 
  
Fig 10: Plastic strain for mild steel of 1.2 mm thick at 900 V- bending 
Fig 10: Von Mises stress distribution for mild steel 1.2 mm-thick sheet 90° V- bending at ; (a) The intermediate 
stage; (a) the fully loaded stage; (a) the unloaded stage. 
 
 
Fig 11: Plastic strain for mild steel of 1.2 mm thick at1200 V- bending. 
 
As seen above the distribution of von Mises stress is computed during intermediate stage, fully loaded stage 
and unloaded stage. As seen from the above figures maximum Von Mises stress is evaluated as fully loaded 
stage where it is 49.710Mpa.  The spring back angle can be measured at the fully unloaded stage in LS- Prepost 
.It has been observed that the spring back angle is 0.40.The maximum plastic strain at 900 bending for 1.2 mm 
thickness sheet is recorded as 0.271.As seen above the distribution of von Mises stresses are computed during 
intermediate stage, fully loaded stage and unloaded stage. As seen from the above figures maximum von Mises 
stress is evaluated as fully loaded stage where it is 40.01Mpa. The spring back angle can be measured at the 
fully unloaded stage in LS-Pre post .It has been observed that the spring back angle is 0.280.The maximum 
plastic strain at 1200 bending for 1.2 mm thickness sheet is recorded as 0.129.As seen above the distribution of 
von Mises stress is computed during intermediate stage, fully loaded stage and unloaded stage. As seen from the 
above figures maximum von Mises stress is evaluated as fully loaded stage where it is 53.69Mpa. The spring 
back angle can be measured at the fully unloaded stage in LS- Prepost .It has been observed that the spring back 
angle is 1.580.The maximum plastic strain at 600 bending for 2 mm thickness sheet is recorded as 0.350.As seen 
above the distribution of Von Mises stresses are computed during intermediate stage, fully loaded stage and 
unloaded stage. As seen from the above figures maximum von Mises stress is evaluated as fully loaded stage 
where it is 48.40Mpa. The spring back angle can be measured at the fully unloaded stage in LS- Prepost .It has 
been observed that the spring back angle is 1.190.The maximum plastic strain at 900 bending for 2 mm thickness 
sheet is recorded as 0.267.The spring back angle can be measured at the fully unloaded stage in LS- Prepost .It 
has been observed that the spring back angle is 2.940.The maximum plastic strain at 600 bending for 3 mm 
thickness sheet is recorded as 0.488. 
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Fig 12: Plastic strain for mild steel of 1.2 mm thick at 1200 V- bending. 
As seen above the distribution of von Mises stresses are computed during intermediate stage, fully loaded 
stage and unloaded stage. The maximum von Mises stress evaluated at fully loaded stageis 54.5Mpa. It has been 
observed that the spring back angle is 1.920.The maximum plastic strain at 900 bending for 3 mm thickness sheet 
is recorded as 0.397. Plastic strain for mild steel of 3 mm thick at 1200 V- bending As seen above the 
distribution of von Mises stress is computed during intermediate stage, fully loaded stage and unloaded stage. 
As seen from the above figures maximum von Mises stress is evaluated as fully loaded stage where it is 
52.9Mpa. It has been observed that the spring back angle is 1.290.The maximum plastic strain at 1200 bending 
for 3 mm thickness sheet is recorded as 0.592. After all the experimental analysis, spring back angles are 
measured for each case and tabulated as below. 
 
Table.1: Variation of the spring back angle with different thickness at 600, 900 and 1200 bending using FEA 
Thickness(mm) Angle(o)=600 Angle(o)=900 Angle(o)=1200 
Part angle  Spring back Part angle Spring back Part angle Spring back 
1.2 59.25 0.75 88.42 1.58 117.06 2.94 
2 59.6 0.4 88.81 1.19 117.93 1.92 
3 59.72 0.28 89.05 0.95 118.66 1.29 
 
Results and discussions 
 
The results from the FEA analysis using LS-DYNA and Experimental values of spring back are listed and 
compared below.  
 
Fig 13: Variation of springback for different thickness at 600 bending and 1200 bending 
Fig 6.1 shows the variation in the experimental and numerical values of spring back with the different thickness. 
As the thickness of the sheet increases the springback angle decreases. The experimental springback angles for 
1.2mm, 2mm, 3mm respectively at 600 bending are 0.830, 0.470, 0.30 respectively. Also the variation between 
the experimental springback and the springback obtained from FEA Analysis are plotted in the graph. Fig 6.3 
shows the variation in the springback with the different thickness, as the thickness increases the spring back 
angle decreases. 3.040, 2.070, 1.340 are experimental springback angles at 1.2mm, 2mm, 3mm  respectively at 
1200 bending.  Also the variation between the experimental springback and the springback obtained from FEA 
Analysis are plotted in the graph. 
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Fig 14: Variation of Von Mises stress with different Punch position at 600, 1200 bending 
 
Fig 6.4 shows variations of Von Mises stress with the different punch position at 600 bending, the stress 
increases as the punch position increases till a maximum value and then decreases. Here the maximum Von 
Mises stress for 1.2 mm, 2mm, and 3mm thickness is 51.89 MPa, 49.71MPa and 40.01MPa respectively. Fig 6.5 
shows variations of Von Mises stress with the different punch position at 900 bending, the stress increases as the 
punch position increases till a maximum value and then decreases. Here the maximum Von Mises stress for 1.2 
mm, 2mm, and 3mm thickness is     53.69MPa, 48.41MPa and 42.09MParespectively. Fig 6.6 shows variations 
of Von Mises stress with the different punch position at 1200 bending, the stress increases as the punch position 
increases till a maximum value and then decreases. Here the maximum Von Mises stress for 1.2 mm, 2mm, and 
3mm thickness is 58.63MPa, 54.5MPa and 52.9MPa respectively. Fig 6.7 shows variations of Plastic strain with 
the different punch position at 600 bending, the plastic strain increases as the punch position increases till a 
maximum value and then remains unchanged. Here the maximum Plastic strain for 1.2 mm, 2mm, and 3mm 
thickness is 0.303, 0.350 and 0.488 respectively. 
 
Fig 15: Variation of Plastic strain with different Punch position at 600 1200 bending 
Fig 6.8 shows variations of Plastic strainwith the different punch position at 600 bending, the plastic strain 
increases as the punch position increases till a maximum value and then remains unchanged. Here the maximum 
Plastic strain for 1.2 mm, 2mm, and 3mm thickness is 0.271, 0.267, and 0.397 respectively. Fig 6.9 shows 
variations of Plastic strainwith the different punch position at 1200 bending, the plastic strain increases as the 
punch position increases till a maximum value and then remains unchanged. Here the maximum Plastic strain 
for 1.2 mm, 2mm, and 3mm thickness is 0.129,0.154 and0.592 respectively. 
 
Table2: Comparison of Experimental and FEA values of springback for 600 bending 
 Experiment FEA % Error Thickness Angle Part angle Springback Part angle Springback 
1.2 
60o 
59.17 0.83 59.25 0.75 9.638554 
2 59.53 0.47 59.6 0.4 14.89362 
3 59.7 0.3 59.72 0.28 6.666667 
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Table 3: Comparison of Experimental and FEA values of springback at 900 bending 
 Experiment FEA 
% Error Thickness Angle Part angle Spring 
back 
Part angle Springback 
1.2 
90o 
88.37 1.63 88.42 1.58 3.0678 
2 88.75 1.25 88.81 1.19 4.8176 
3 89.01 0.99 89.03 0.97 2.0200 
 
Table 4: Comparison of Experimental and FEA values springback at 1200 bending 
 Experiment FEA 
% Error Thickness Angle Part angle Spring 
back 
Part angle Springback 
1.2 
120o 
116.96 3.04 117.0 2.94 3.28947 
2 117.93 2.07 117.93 1.92 7.24637 
3 118.66 1.34 118.6 1.29 3.73134 
 
Conclusions 
In this research work springback effect is evaluated under various thicknesses and angles. Also FEA Study 
has also been done with the help of LS Dyna. Experimental study on springback has been done by considering 
mild steel of various thicknesses like 1.2 mm, 2mm, 3mm.It has been observed that as the thickness of sheets 
increases the spring back angle decreases from 0.830 to 0.30 for a given bending angle like 600. The spring back 
angle is observed to increase with an increase of bending angle for a given sheet thickness. The von-Mises 
stresses are observed to increase with an increase in the bending angle for a given sheet thickness,. The 
maximum Plastic strain also observed to decrease with an increase in the bend angle for a given sheet 
thicknes.The experimental results of the 600 bending with 1.2mm, 2mm, 3mm thickness shows a springback of 
0.830,0.470, and 0.30 respectively. The experimental results of the 900 bending with 1.2mm, 2mm, 3mm 
thickness shows a springback of 1.630,1.250and 0.990 respectively. The experimental results of the 1200 bending 
with 1.2mm, 2mm, 3mm thickness shows a springback of 3.040,2.070and 1.320 respectively. FEA study results 
of the 600 bending with 1.2mm, 2mm, 3mm thickness shows a springback of 0.750,0.40and 0.280 respectively. 
FEA study results of the 900 bending with 1.2mm, 2mm, 3mm thickness shows a springback of 1.580,1.190and 
0.970 respectively. FEA study results of the 1200 bending with 1.2mm, 2mm, 3mm thickness shows a 
springback of 2.940,1.920and 1.290 respectively. Von Mises stresses have been calculated by FEA for 600 
bending at various thicknesses such as 1.2mm, 2mm, 3mm is 51.89MPa, 49.71MPa, 40.01MPa respectively. 
Von Mises stresses have been calculated by FEA for 900 bending at various thicknesses such as 1.2mm, 2mm, 
3mm is 53.69MPa, 48.40MPa, 42.09MPa respectively. Von Mises stresses have been calculated by FEA for 
1200 bending at various thicknesses such as 1.2mm, 2mm, 3mm is 58.63MPa, 54.5MPa, 52.9MPa respectively. 
Maximum Plastic strain have been calculated by FEA for 600 bending at various thickness such as 1.2mm, 
2mm, 3mm  is 0.303,0.350 and 0.488 respectively. Maximum Plastic strain have been calculated by FEA for 900 
bending at various thickness such as 1.2mm, 2mm, 3mm  is 0.271,0.267 and 0.397 respectively. Maximum 
Plastic strain have been calculated by FEA for 1200 bending at various thickness such as 1.2mm, 2mm, 3mm  is 
0.0.129,0.0.154 and 0.592 respectively.  
 
References 
A. Schey J., Introduction to Manufacturing Processes, 1987. 2nd Ed., McGraw-Hill Book Company, Inc., Alcoa, 
Alloy 6061 Tech   Sheet. 
Amstead, B. H., Ostwald, P. F., and Begeman, M. L., Manufacturing Processes, John Wiley & Sons, 1986.ASM 
Handbook, Volume 4, Heat Treating. 
  Boljanovic, V., 2004, Sheet Metal Forming Processes and Die Design, 1st Ed, Industrial Press Inc. 
Cheng S. H., Cao J.,2007. An Accelerated Springback Compensation Method, International Journal of 
Mechanical Sciences, 49,  267-279. 
Chou, I., Hung C., 1999, Finite Element Analysis and Optimization on Springback Reduction, International 
Journal of Machine Tools & Manufacture, 39, 517-536. 
1385 G.M. Sayeed Ahmed et al. /  Procedia Materials Science  6 ( 2014 )  1376 – 1385 
Firat M. 2007, U-Channel Forming Analysis with An Emphasis on Springback Deformation” Materials and 
Design,  28, 147- 154. 
Fu B. L., Chen Y. J., 2007, Springback Variational Principles of Bending of Straight Beams with Large 
Deflection, Journal of Materials Processing Technology, 188, 40-44 . 
Gan W., Wagoner R.H., 2004. Die Design Method for Springback”, International Journal of Mechanical 
Sciences, 46, 1097-1113. 
Hilditch T. B. , Speer J.G., 2007, Influence of Low-Strain Deformation characteristics of high strength sheet 
steel on curl and   springback in bend-under-tension tests. Journal of Materials Processing Technology, Vol. 
182, 84-94. 
Karafillis, A. P., and Boyce, M. C., 1992. Tooling Design in Sheet Metal Forming Using Springback 
Calculations”, International Journal of Mechanical Sciences, 34, 2, 113-131. 
Lee, Sang-Work.,2005,A study on the Bi-Directional Springback of Sheet Metal Stamping”., Journal of 
Materials Processing Technology, 167,33-40. 
Lei Li-Ping-, Hwang S., Kang B. S., 2001, Finite Element Analysis and Design in Stainless Steel Sheet Forming 
and its Experimental Comparison”, Journal of Materials Processing Technology, 110, 70-77. 
Marciniak Z., Duncan J. L. 2002, Mechanics of Sheet Metal Forming, 2nd Ed.,Elsevier Science. 
Narasimham N., Lovell M.1999, Predicting Springback in Sheet Metal Forming: An Explicit to Implicit 
Sequential Solution Procedure”, Finite Elements in Analysis and Design, 33, 29-42. 
Nishino S., Ohya K., 2003, Proposal for Reducing Press Working Load and High Accurate Evaluation of 
Springback Error in Bending Automobile Sheet Metal” JSAE Review, 24, 283-288. 
Oliveira M. C., Alves J. L., 2007, Study on the Influence of Work-Hardening Modeling in Springback 
Prediction, International Journal of Plasticity, 23 ,516-543. 
Palaniswamy, H., Ngaile, G.,2004. “Optimization of Blank Dimensions to Reduce Springback in the 
Flexforming Process” Journal of Materials Processing Technology, 146, 28-34. 
Panthi S. K., Ramakrishnan N.,2007. An Analysis of Springback in Sheet Metal Bending Using Finite Element 
Method (FEM), Journal of Materials Processing Technology, 180, 80-85. 
Suchy, I., Handbook of Die Design, 2nd Ed., McGraw-Hill Book Company, Inc., 2006 Tschaetsch, H, Metal  
Forming Practice,   7th Ed., Springer. 
Wagoner R. H., Li M.,2007. Simulation of Springback: Through-Thickness Integration”., International Journal 
of Plasticity, 23, 345-360. 
Zhao, K. M., Lee, J. K.,2002, Finite Element Analysis of three-point Bending of Sheet Metals”, Journal of 
Materials Processing Technology, 122, 6-11. 
 
